Abstract. The preparation and X-ray structure determinations of six complexes of urea and (O-n-butyliso)uronium salts with crown ethers are presented. Urea forms isostructural 5:1 adducts with 18-crown-6 (1) and aza-18-crown-6 (2), in which two urea molecules are each hydrogen bonded to two neighbouring hetero atoms of the macroring. The remaining urea molecules form two-dimensional layers alternating with crown ether layers. In both complexes the macroring has the g+g+a ag-a ag-a g g-a ag+a ag+a conformation with C i symmetry. In the solid t :1 complex of O-n-butylisouronium picrate with 18-crown-6 (3) two types of conformations of the macroring were observed: the g+g+a ag-a ag+a ag-g-ag-a ag+a conformation with approximate C m syrametry and to a lesser extent the g+g+a ag-a ag+a g+g+a ag-a ag+a con formation with approximate C2 symmetry. Both conformations allow the guest to form three hydrogen bonds to the macrocyclic host. Three complexes of 18-crown-6 and uronium salts have been prepared and characterized by X-ray crystallography. The 1:1 complexes with uronium nitrate (4) and uronium picrate (5) both exhibit the same C2 conformation and the same hydrogen bonding scheme as in the least occupied form of the previous complex. A 1:2 complex with uronium p-toluenesulphonate (6) has a different hydrogen bonding scheme (two hydrogen bonds per cation to neighbouring oxygen atoms of the macroring) and a different conformation of the host molecule (the ag+a ag-a ag+a ag-a ag+a ag-a conformation with almost D38 symmetry). An attempt to prepare a solid uronium nitrate complex with diaza-18-crown-6 in the same way as the 18-crown-6.uronium nitrate (1:1) complex did not yield the expected result. Instead X-ray analysis revealed that the uronium ion is dissociated, resulting in the nitrate salt of the diprotonated diaza crown ether (7).
Introduction
Synthetic receptor molecules for urea are of practical importance for the selective removal of urea in dialysis and could mimic the enzyme urease [1] . We are involved in a study to use macrocyclic polyethers for this purpose, because during the past decade it has been shown that such compounds are capable of forming complexes with organic salts [2] and with neutral organic molecules [3] .
In one of the first papers on macrocyclic polyethers Pedersen [4] already reported that urea increases the solubility of dibenzo-18-crown-6 in methanol. He suggested that "there is some interaction", but crystalline complexes of urea with the polyethers could not be obtained. More recently, V6gtle et al. [3f] have reported a crystalline complex of 18-crown-6 and urea (ratio 1:4) , however without details about the structure of such a complex [5] .
In the complexation of urea, two aspects are of particular interest. Firstly, urea would be a neutral guest molecule in the complex and although a number of complexes of 18-membered crown ethers and neutral species have recently been reported I [6] , the factors that determine their thermodynamic stabilities are virtually unknown [7] . Secondly, the complexation of urea would be an example of a guest molecule that has different functional groups in close proximity, that might interact with the 18-crown-6 macroring.
Previously we have reported complexation studies of benzo [8] and pyrido [9] crown ethers with the guanidinium cation, which we used as a model compound for the uronium cation (the two cations are isoelectronic). It was shown that crown ethers with 27 or more ring atoms are suited to form encapsulated complexes with the guanidinium cation.
In this paper we report the results of our work on the complexation of urea by 18-membered crown ethers. Furthermore, we have investigated the influence on the complexation of locating a positive charge on the urea molecule, either irreversibly by O-alkylation or by protonation (which is known to occur at the oxygen atom [10] ), which in solution represents a reversible process. Similar investigations on the complexation of larger crown ethers with urea I1 I] and uronium salts [12] have been published separately.
Experimental Section
The compounds were characterized by their IH and 13C NMR, mass and infrared spectra as well as elemental analyses. Melting points were recorded on a Reichert mp microscope, the 1H NMR spectra on a Bruker 80 FT and a Varian XL-100 spectrometer in CDCI 3 with TMS as internal standard. Mass spectra were obtained with a Varian MAT 31 IA mass spectrometer and IR spectra with a Perkin Elmer 257 spectrometer. Elemental analyses were carried out by the Elemental Analysis Section of the Institute for Organic Chemistry, TNO, Utrecht, The Netherlands, under the supervision ofW. J. Buis.
STARTING MATERIALS
Urea (Merck) was recrystallized from MeOH. O-n-butylisouronium picrate [13] , uronium nitrate [14] and uronium p-toluenesulphonate [15] were prepared according to literature procedures. Uronium picrate was prepared by addition of 0.1 tool picric acid to 0.1 tool urea dissolved in 2000 mL water and heated until a clear solution was obtained. After cooling the salt precipitated in fine crystalline needles. Mp 150 ~ 18-Crown-6 was prepared according to Dale et al. [16] and purified by distillation. Aza-18-crown-6 was prepared according to Maeda et al. [17] . Diaza-18-crown-6 (Merck) was used without further purification. complex (1). 366.6 mg (1.39 mmol) 18-crown-6 and 120.1 mg (2.00 retool) urea were dissolved in a mixture of 2 mL methanol and 2 mL chloroform. The mixture was heated and after all crystals were dissolved, diethylether was added until the mixture was slightly turbid. Upon cooling colourless crystals were formed (177.7 rag). The crystals were recrystaIlized from methanoI/ethyl acetate giving 85.2 mg of the complex (37.7%). Mp 145-147 ~ Anal. Calcd. for CITH44OllN10 : C, 37.17; H, 7.86; N, 24.81. Found: C, 36.12; H, 7.88; N, complex (2). 200.0 mg (0.76 mmol) aza-18-crown-6 and 44.9 mg (0.75 retool) urea were dissolved in a hot mixture of 1 mL methanol and 2 mL chloroform. After addition of petroleum ether (60-80) until the mixture became slightly turbid, white crystals precipitated upon cooling. Mp 127-130 ~ Anal. Calcd. for CI7H45010Nll : C, 36.23; H, 8.05; N, 27.34. Found: C, 36.33; H, 8.22; N, complex (3). 362.7 mg (1.05 retool) O-n-butylisouronium picrate and 419.7 mg (1.59 mmol) 18-crown-6 were dissolved in 0.5 mL hot methanol and 1 mL of chloroform. By careful addition of 3 mL diethylether, 382.3 mg of a yellow precipitate was formed which after recrystal-!ization from ethyl acetate gave 342.4 mg of the I : 1 complex (53.5%). Mp 95-97 ~ Anal. Calcd. for C23H39014N5 : C, 45, 32; H, 6.40; N, 11.49. Found: C, 45.30; H, 6.49; N, complex (4) . To 147.7 mg (1.20 mmol) uronium nitrate and 414.7 mg (1.57 mmol) 18-crown-6, dissolved in 0.5 mE hot methanol, 1 mL CHCI3 was added followed by 3 mL ofdiethyl ether. 202.8 mg of a crystalline compound was formed which upon recrystallization from methanol/ethyl acetate gave t i9.2 mg of the 1 : I compIex (25.6%). Mp 88-9i ~ Anal. Calcd. for Ct3H29-O~0N3: C, 40.31; H, 7.55; N, 10.85. Found: C, 40.42; H, 7.52; N, . To a solution of 426.7 mg (1.61 retool) 18-crown-6 and 291.0 mg (1.01 mmol) uronium picrate in 0.4 mE methanol and 0.8 mL chloroform 2 mL diethyl ether was added, giving a yellow crystalline precipitate (309.I rag). The complex was purified by recrystallization from hot methanol/elhyl acetate. 286.0 mg of a yellow crystalline (1:1) complex was isolated (51.2%). Mp 128-130 ~ Anal. Calcd. for CIgH31OI4Ns : C, 41.23; H, 5.65; N, 12.65. Found: C, 40.45; H, 5.48; N, . To 230.0 mg (0.99 mmol) of uronium p-toluenesulphonate and 403.9 mg (1.53 mmol) 18-crown-6 dissolved in 2 mL hot methanol, 4 mL CHCI3 was added followed by 5 mL diethyl ether. A white crystalline precipitate was formed which was carefully washed with CCI 4 and after drying gave 282.3 mg of colour[ess crystals (78.2%). Mp 117-119 ~ Anal. Calcd. for C28H48OI4N4S2 : C, 46.15; H, 6.59; N, 7, 69; S, 8.80. Found: C, 46.19; H, 6.62; N, 7.71; S, 8, 60 . Table I . Data-collection parameters of the X-ray structure determinations a(A) 17 .868 (1) 17.869 (10) 15.538 (6) 20.304 (9) 12.794 (3) 10.726 (8) 11.664 (2) b (/k) 8.307 (1) 8.318 (5) 12.002 (3) 11.604 (6) 11.661 (4) 10.713 (2) 10.656 (2) c(A) 20.696(3) 20.743 (13) 8.940 (2) 8.181 (3) 10.405 (5) 8.736 (4) 7.649 (2) ~z ( C, 37.11; H, 7.15; N, 14.43. Found: C, 36.33; H, 7.12; N, 14.88. 2.3. X-RAY DIFFRACTION X-Ray measurements were performed on a single-crystal diffractometer (Philips PW1100) using the 6o-20 scanning mode. The most important data-collection parameters are presented in Table I . Measured intensities were corrected for the decrease in intensity during data-collection, using the intensities of three standard reflections, measured every hour. The structures were solved by direct methods [18] and refined by full-matrix leastsquares [19] , using reflections having an intensity greater than the estimated standard deviation from counting statistics (and three times this deviation for complex 2). For all complexes, except 3, all hydrogens could unambiguously be located irom difference-Fourier maps. In the complex ofaza-I 8-crown-6 with urea (2) the ring nitrogen atoms are disordered. Difference-Fourier syntheses revealed all hydrogens attached to the nitrogen atoms of urea and the carbon atoms of the ring. After inclusion of these hydrogen atoms in the refinement a new difference-Fourier synthesis showed two 'half hydrogens' in each independent ring, fixing the positions of the nitrogen atoms in the ring. For the complex of 18-crown-6 with O-n-butylisouronium picrate (3) part of the macroring was found to be disordered in an initial state of refinement. It was possible to describe this disorder by attributing two different positions for five ring atoms (O(14)--C (18) and O(14')--C(18'), see Table II) , with occupancies of 72.1% and 27.9%. In this part hydrogens could only be located for the highest occupied state.
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Parameters refined were the overall scaling factor, isotropic extinction parameter, positional parameters of all atoms, anisotropic thermal parameters for heavy atoms (including the lowest occupied ring atoms O(14')--C(18') in complex 3) and isotropic thermal parameters for hydrogens. The weight for each reflection was taken to be w = {a(F,,)+ 0.01 IF,, [}-2, where a(b~,) is the estimated standard deviation of the observed structure factor (Fo) derived from counting statistics. Scattering factors for heavy atoms were taken from International Tables for X-ray Crystallography [20] ; for H the scattering factor tables of Stewart, Davidson and Simpson [21] were used. No absorption corrections were applied.
Results
COMPLEXATION OF UREA
Unlike similar experiments with alkylammonium salts [2a, 22] , the equilibration of aqueous solutions of urea with solutions of crown ethers (n ~< 18) in chloroform did not result in a measurable transfer of urea from the aqueous to the organic phase. However, when to a solution of 18-crown-6 and urea in hot methanol/chloroform diethylether was added after cooling, colourless crystals precipitated that were re-crystallized from methanol/ethyl acetate. The material had a well-defined melting range of 146-148 ~ and analyzed correctly for an adduct of urea and 18-crown-6 in a ratio of 5 : 1 (complex 1). In a similar way a 5 : 1 complex of urea and aza-18-crown-6 could be formed, which precipitated upon addition of petroleum ether (60-80). The white crystals had a melting range of 127-130 ~ ( complex 2). (Di)-benzo-18-crown-6, dicyclohexano-18-crown-6 and crown ethers with less than 18 ring atoms, on the contrary, gave no solid adducts with urea using similar procedures.
Determinations of the thermodynamic stability constants of 1:1 complexes of urea and 18-crown-6 in methanol by polarography has not provided accurate data, but preliminary results indicate log K~ values smaller than one [23] .
COMPLEXAT1ON OF O-n-BUTYL-ISOURONIUM P1CRATE
In view of the low thermodynamic stability of the neutral urea-18-crown-6 (l : 5) complex we have investigated the effect of alkylation of urea. Previously, we have described extraction experiments and dynamic I H NMR studies of various crown ether. S-tert-butyl-isothiouronium salt complexes [24] . Adducts with different host/ guest ratios could be obtained in the solid state. The X-ray structures of the perchlorate salt complexes with 18-crown-6 [25] (2:1 ratio) and with 1,3-xylyl-18-crown-5 [24] (1:1 ratio) have been determined, revealing perching complexes, in which the guests are hydrogen-bonded via two or three hydrogen bonds to the host, with additional hydrogen bonds to the anions. Similar complexes can be expected with alkylated urea salts.
The complex of O-n-butyl-isouronium picrate with 18-crown-6 was prepared from a hot solution of 18-crown-6 and the salt in methanol. The complex was obtained in 54% yield. ~H NMR Spectroscopy and elemental analysis proved that the host/guest ratio was 1:1 (complex 3).
COMPLEXATION OF URONIUM SALTS
The complexation studies described above with O-(or S)-alkyliso(thio)uronium salts have the advantage that the guest molecule in the complex can be studied by ~H NMR spectroscopy. The disadvantage, however, is the increased size of the guest molecule, which may be a hindrance in complexation. Another method considered to enhance the stability of urea complexes is protonation of the guest, a method which lacks the disadvantage of the former method. Protonation converts the urea in a polyfunctional cation, isoelectronic with guanidinium, which is known to form welldefined stoichiometric complexes with 18-crown-6 [26] . Therefore three complexes of 18-crown-6 with uronium salts have been prepared and the interactions between host and guest were determined by X-ray crystallography.
The complexes were prepared from hot methanolic solutions and analyzed correctly for 1:1 molecular complexes in the cases of uronium nitrate (complex 4) and picrate (complex 5), and a 1 : 2 complex for the uronium p-toluenesulphonate salt (complex 6) .
When a mixture of diaza-18-crown-6 and uronium nitrate, dissolved in hot methanol/chloroform, was treated after cooling with diethylether, a white solid precipitated, which analyzed correctly for the dinitrate salt of diaza-18-crown-6 (compound 7). This result demonstrates that protonation of the polyether nitrogen atoms (with dissociation of the uronium cation) without complexation of the urea formed is preferred over complexation of the uronium cation as observed in the analogous experiments involving 18-crown-6.
X-RAY ANALYSIS
The crystal and molecular structures of the compounds 1-7 have been determined by X-ray diffraction [27] . Stereoscopic ORTEP [28] views of the compounds, including atom numberings, are presented in Figures 1-7 , using 50% probability ellipsoids for all non-hydrogen atoms. The radii of the hydrogen atoms have been chosen arbitrarily. Positional and equivalent isotropic thermal parameters [29] of the non-hydrogen atoms are collected in Table II . Torsion angles in the macrorings are given in Table 111 . H-Bond parameters are presented in Table IV . C(12 C(13 0(14 C(15 C(16 0(17 c(18 C(19 O(2O N(21 N(22 C(23 0(24 N(25 N(26 C(27 O(28 N(29 N(30 C(31 0(32 N (6) 179.7(1) C(4)--0(5)--C(6)--C (7) 170.9(1) 0(5 )--C(6)--C(7)--0 (8) 64.9 (1) C(6)--C(7)--0(8)--C (9) 172.3(1) 
C(10)--O(l I)--C(I 2)--C(13) O(11)--C(12)--C(13)--O(14) C(I 2)--C(13)--O(14)--C(15) C(13)--O(14)--C(15)--C(16) O(14)--C(15)--C(16)--O(17) C( 15)--C(16)--0(17)--C(18) C(I 6)--O(I 7)--C(18)--C(10)'" O(17)--C(I 8)--C(10)"--O(11)'" C(l 8)--C(10)"--O(1 I )"--C(l 2)'"
C(1 )--O(2)--C(3)--C(4) O(2)--C(3)--C(4)--O(5) C(3)--C(4)--O(5)--C(6) C(4)--O(5)--C(6)--C(7) O(5)--C(6)--C(7)--ON(8) C(6)--C(7)--ON(8)--C(9) C(7)--ON(8)--C(9)--C(I )" ON(8)--C(9)--C(1)"--O(2)" C(9)--C(1 )"--O(2)"--C(3)"
-176.1 (2) 64.9(2) 179.3(2) 171.9(2) 61.8(2) 168.6(2) 174.6(2) -56.1 (2) -61.7(2)
C(10)--ON(I 1)--C(12)--C(13) ON(11)--C(l 2)--C(13)--O(14) C(12)--C(13)--O(14)--C(15) C(l 3)--O(14)--C(15)--C(16)
O(14)--C(15)--C(I 6)--O(] 7)
C (15) 
C( 13)--O(I 4)--C(15)--C(16) O(14)--C(15)--C(16)--O(17) C(I 5)--C(16)--O(I 7)--C(18) C(I 6)--O(17)--C(I 8)--C(1 ) O( t 7)--C(I 8)--C( 1 )--0(2) C(I 8)--C(I)--O(2)--C(3)
174.5(2) -71.9 (2) -176.2(3) -173.4(2) 71.0(2) -175.1(2) (24) accept four and three hydrogen bonds resp. from the urea layer. All urea hydrogens are used in hydrogen bonding (see Table IV ). Because both crown units accept two hydrogen bonds at neighbouring oxygen atoms at each side of the ring, this can be denoted as a 'double 1,2' hydrogen-bond scheme. Although the two crown units are different from the crystallographic point of view, the conformations of both are the same (the 'biangular' conformation with torsion code g+g+a ag-a ag-a g g a ag+a ag+a, see Table i The hydrogen bonding scheme in the 1:1 complex of O-n-butylisouronium picrate with 18-crown-6 (3) is different from the previous ones (Figure 3a) . Three of the four amino hydrogens are hydrogen bonded to the crown ether, while one hydrogen bond is formed between the fourth hydrogen and the picrate anion. By analogy (21) 0 (2) 2.848(2) 2.04(2) 174(2) N (22) O (8) 3.282(2) 2.55(2) 154(2) N (22) 0 (36) 3.057(2) 2.18(2) 165(2) N (25) 0 (32) 3.017(2) 2.13(2) 167(2) N (25) O(I I) 3.214(2) 2.46(2) 150(2) N (26) O(I4) 2.893(2) 2.07(2) 163(2) N (26) 0 (28) 2.932(2) 2.05(2) 177(2) N (29) 0 (20) 3.030(2) 2.13 (2) 175(2) N (29) 0 (32) 2.913(2) 2.12(2) 158(2) N (30) 0 (24) 2.884(2) 2.00(2) 173(2) N (30) 0 (24) 2.922(2) 2.08 (2) 173 (2) (22) ON (8) 3.273(2) 2.43(3) 164(2) N (22) 0(36) 3.034(2) 2.19(3) 167(2) N (25) 0 (32) 3.004(2) 2.07(3) 171(2) N (25) ON (11) 3.217(3) 2.39(2) 162(2) N (26) O (14) 2.898(2) 2.00(3) 165(2) N (26) 0 (28) 2.945(2) 2.05(3) 177(2) N (29) 0 (20) 3.028(2) 2.14(3) 171(2) N (29) 0 (32) 2.909(2) 2.15(2) 157(2) N (30) 0 (24) 2.884(2) 2.02(2) 174(2) N (30) 0 (24) 2.92I (2) 
N (21) 0 (8) 2.888(2) 2.08(2) 161(2) N (21) 0(33) 2.839(2) 2.01(2) 172(3) N (22) 0 (5) 3.003(2) 2.29(2) 136(2) N (22) 0 (8) 3.218(2) 2.46(2) 141(2) N (22) O (17) 2.997(4) 2.16(3) 164(2) N (22) O(17") 2.842 (8) 1.98(3) I72 (4) 0 (20) 0 (24) 2.482(2) 1.54(3) 166(3) N(2]) 0(5) 3.177(2) 2.37(3) 142(2) N (21) O (11) 2.932(2) 2.08(3) 168(3) N (22) 0(2) 2.839(2) 1.98(3) 168(3) N (22) 0 (25) 3.091(2) 2.23 (3) 177 (3) 0 (20) 0 (29) 2.560(3) 1.73 (4) 165 (4) (4) 169 ( a See footnote (a) of Table 11 . b See footnote (a) of Table 1 . with complexes 1 and 2, the bonding between cation and crown can be denoted as 'single 1,2,4' complexation. As explained in the experimental section, the crystal structure is composed of a mixture of 72.1% molecules with the spatial arrangement as depicted in Figure 3a (macroring with torsion code g+g+a ag-a ag+a ag g ag-a ag+a), and 27.9% molecules with a slightly different conformation of the macrocycle (torsion code g+g+a ag-a ag+a g+g+a ag-a ag+a). Both conformations of the ring, including the hydrogen bonds to the cation are depicted in Figure 3b Tables  II-IV (atoms O( 14)--C(18) and O(14')--C(18'), resp.).
The X-ray analysis of the 1 : 1 complex between 18-crown-6 and uronium nitrate (4) shows that this complex has the same hydrogen bonding scheme as found for complex 3 (Figure 4) . Three of the four amine hydrogens are hydrogen bonded to the macroring ('single 1,2,4' complexation) and the fourth to the anion. The hydrogen at the oxygen of the uronium ion is involved in a short bond (2.482 A) to a second nitrate anion. The macroring has the same conformation as the lowest-occupied conformation in complex 3 (torsion code g+g+a ag-a ag+a g+g+a ag-a ag+a).
The structure of the 1 : 1 complex of 18-crown-6 with uronium picrate (5) reveals the same complexation characteristics as found in complex 4, i.e., 'single 1,2,4' complexation between cation and crown, whereas the fourth amino hydrogen and the hydrogen at the oxygen are used in hydrogen bonding with the anion (Figure 5 ). The conformation of the crown is also identical to the one in complex 4 (torsion code g+g+a ag-a ag+a g+g+a ag-a ag+a). Therefore, the choice of anion seems to have little influence on the complexational and conformational properties of the crown-cation moiety. That affairs are not as simple, however, is shown by the complexation between 18-crown-6 and uronium p-toluenesulphonate (6), as not only the conformation adopted and the hydrogen bonding scheme involved are different, but even the stoichiometry changes to a 1:2 ratio (see Figure 6 ). The asymmetric unit consists of one half crown unit (the other half is generated by a centre of symmetry), with one guest molecule. Only one -NH2 group per uronium ion is hydrogen bonded to the crown, to next-nearest neighbour oxygen atoms ('double 1,3' complexation) . The other three uronium hydrogens form hydrogen bonds to the anions, including again a short O--H...O contact (2.531 A). The crown ether molecule has the well-known conformation with almost D3d symmetry (torsion code ag+a ag-a ag+a ag-a ag+a ag-a). The same complexation scheme and the same D3d conformation are also S Fig. 6 . Stereoview of the 18-crown-6-(uronium p-toluenesulphonate) 2 complex (6) showing the atom numbering. Only the environment at one side of the centrosymmetric macroring is shown. The two anions are symmetry-related.
found for the 1:2 complex between 18-crown-6 and S-tert-butylisothiouronium perchlorate [25] .
To study the influence of amino groups in the polyether rings on complexation of uronium ions with crown ethers, a complex analogous to complex 4 was planned, using diaza-18-crown-6 as polyether. X-Ray analysis revealed, however, that the resulting solid consists of the dinitrate salt of the diprotonated macroring (compound 7). This means that the uronium cation dissociates on complexation, thereby protonating the host. Whereas the urea molecules formed are not part of the complex precipitated, the nitrate anions are, via three hydrogen bonds per anion to two amine hydrogen atoms of the host (see Figure 7) . As the hydrogen bonds are donated from the host instead of from the guest, the resulting hydrogen-bonding scheme can be described as an 'inverted'-double-1,4 complexation. The conformation adopted by the macroring is again the "biangular" g+g+a ag-a ag-a g g a ag+a ag+a conformation. It is assumed that this conformation is favoured over the D3d conformation, adopted by the free diaza-18-crown-6 molecule [30] , because in the "biangular" conformation all four amine hydrogens are equally directed to points above and below the macrocycle, thus being able to form hydrogen bonds to two nitrate anions (Figure 7 ). In the D3d conformation this would be impossible, as one amine hydrogen per nitrogen atom would be directed almost to the centre of the ring and the other almost perpendicular to it. Each amine hydrogen is not only involved in an intermolecular hydrogen bond to a nitrate anion, but also in an intramolecular 'hydrogen bond' with a neighbouring oxygen atom (not drawn in Figure 7) . (7) showing the atom numbering. Only the environment at one side of the centrosymmetric macroring is shown.
Discussion
COMPLEXATION SCHEMES
(Aza-)18-crown-6 is able to form different types of complexes with similar guests. Both 1:2 and l:1 host/guest adducts are possible and the adducts formed may or may not be separated by interspatial layers of guest molecules, not bonded to host molecules.
A literature survey shows the same trends. Recently, some X-ray structure determinations of complexes of (diaza-)18-crown-6 with neutral urea-like guests have been reported [6a-6e, 3e]. A similar division according to complexation type among these complexes can be made. Firstly, the 1:4 complexes of 18-crown-6 [6a] and of diaza -18-crown-6 [6e] with thiourea are both comparable with the structures of complexes 1 and 2: the polyethers form 1:2 adducts with the guest molecules via a similar hydrogen-bonding scheme as above (in the diaza-complex, the nitrogen atoms are used as hydrogen-bond acceptors, like in complex 2), whereas the remaining thiourea molecules form layers in between, held together by hydrogen-bond bridges. Secondly, 18-crown-6 forms solid 1:2 complexes with thiourea [6b], N,N'-dimethylthiourea [6c] and with m-chlorophenylurea [6d], with a 1:2 polyether/guest ratio, without interadjacent layers. Additionally, 18-crown-6 can form a 1 : 1 complex with N-methylthiourea [3e] in the crystalline state. However, effectively the polyether also forms a 1:2 adduct with the guests, as each guest bridges between two macrorings, thus forming infinitely long chains. Surprisingly, the complex formed between 18-crown-6 and guanidinium nitrate, as reported by Truter and coworkers [26] , has a structure completely different from the analogous complex between 18-crown-6 and uronium nitrate (complex 4). Firstly, the guanidinium nitrate forms a 2 : 1 complex with 18-crown-6 compared with the 1 : 1 uronium nitrate/18-crown-6 ratio in complex 4. Secondly, only one hydrogen bond between the guanidinium ion and the crown was found (and a second one to the anion).
CONFORMATIONAL FLEXIBILITY OF THE MACRORING
Along with the different complexation schemes different conformations of the macro-ring are found. In the seven compounds studied four conformations are encountered: the 'biangular' g+g+a ag-a ag-a g-g-a ag+a ag+a conformation (complexes 1 and 2 and compound 7); the 'Cm' conformation (g+g+a ag-a ag+a ag-g-ag-a ag § highest occupied conformation of complex 3); the 'C2' conformation (g+g+a ag-a ag+a g+g+a ag-a ag+a, lowest occupied conformation of complex 3, and complexes 4 and 5); and the 'D?~' conformation (ag § ag-a ag+a ag-a ag+a ag-a, complex 6 ). In the structures reported in the literature, mentioned above, the same conformations are found: the 'biangular' conformation (in the 1:4 thiourea complexes [6a, 6el, the m-chlorophenylurea complex [6d], one independent macroring in the N-methylthiourea complex [3e], and in the guanidium nitrate complex [26] ) and the D3d conformation (in the 1:2 thiourea complex [6b], in the complex with N,N'-dimethylthiourea [6c], and in the second independent macroring in the N-methylthiourea complex [3e]).
All these conformations, except the C2 one, can be viewed as 'ideal' crown ether conformations, i.e., superimposable on the diamond lattice, probably of low energy [31] . The simultaneous occurrence of the C2 and the Cm conformations in complex 3 shows that the C2 conformation, though not ideal, is closely related to an ideal conformation. Likewise, the fact that the C2 conformation is adopted in complex 4, whereas the macroring in the closely related guanidinium nitrate complex with 18-crown-6 adopts the 'biangular' conformation [26] , shows that the balance between these two conformations (and hence the complexation ratio of 1 : 1 or 1:2 in these complexes) must be very subtle. A molecular mechanics study by Uiterwijk et al. indeed showed that these three conformations have almost identical energies [32] . Moreover, the four conformations encountered in the seven compounds 1-7 are the lowest-energy conformations among hundreds of different conformations in polar environments (i.e., in the complexes) [32] .
